certain dermatoses such as plantar hyperkeratosis, acanthosis nigricans, skin tags, striae cutis distensae, and intertrigo are more common among obese persons. Some, such as plantar hyperkeratosis, could serve as markers of obesity and its severity, while the presence of acanthosis nigricans and skin tags may point to underlying internal disease such as diabetes and polycystic ovary syndrome.
Introduction
Obesity is defined as a pathologic state of excess adipose tissue for the size of the body. Body mass index (BMI) is a statistical measure commonly used in classifying overweight and obesity within a population calculated by dividing the weight in kilograms by the square of the height in meters (kg/m 2 ). The World Health Organization defines 'overweight' as a BMI 6 25 kg/m 2 , and 'obesity' as a BMI 6 30 kg/m 2 . In 2005, the World Health Organization estimated that worldwide approximately 1.6 billion adults (age 6 15 years) were overweight. Over 400 million adults (approximately 7%) suffer from obesity [1] , and at least 20 million children under the age of 5 years are overweight. Once considered a problem only in high-income countries, overweight and obesity are now dramatically on the rise in low-and middle-income countries, particularly in urban settings [1] .
A number of chronic as well as acute life-threatening systemic diseases are related to obesity [2] . They include conditions such as coronary heart disease, hypertension, diabetes, hyperlipidemia, osteoarthritis, sleep apnea, breast, endometrial and colon carcinoma, gallbladder disease, and severe pancreatitis [3] . The role of obesity in these conditions is well documented and reported, however, there is a scarcity of studies on skin diseases encountered among obese people from different countries [4] [5] [6] .
Obesity affects skin physiology by altering skin barrier function, sebum production, sweat gland function, lymphatics, collagen structure, wound healing, subcutaneous fat, microcirculation, and macrocirculation [7] . It has been implicated in many skin diseases such as acanthosis nigricans, acrochordon, keratosis pilaris, hyperandrogenism, hirsutism, striae cutis distensae, adiposis dolorosa, fat redistribution, lymphedema, plantar hyperkeratosis, cellulite, skin infections, hidradenitis suppurativa, psoriasis, and insulin resistance syndrome and conditions that are aggravated by obesity [8, 9] . Several studies have shown that there is a high prevalence of obesity in Kuwait [10, 11] .
Since the discovery of oil and its export, the enhanced affluence has brought about a sedentary lifestyle and high consumption of calorie-rich food, resulting in Kuwaitis having one of the highest prevalences of obesity among the Gulf countries [12] . In fact, a policy paper even reported that Kuwait has the highest prevalence of obesity in the entire world [12] .
No study has been conducted to determine the prevalence and spectrum of skin diseases among obese Kuwaitis, which prompted me to conduct this study to determine the spectrum of skin conditions and related systemic conditions, and estimate their prevalence among obese adult Kuwaitis attending the dermatology outpatient clinic of Farwaniya Hospital, Kuwait.
Materials and Methods
This study was conducted in the Dermatology Department of Farwaniya Hospital, a secondary care hospital serving a population of approximately 820,300 persons in Kuwait. It was carried out over a period of 1 year, from October 2008 to November 2009. One thousand two hundred and fifty new adult patients 1 18 years of age with a BMI over 25 kg/m 2 referred from primary care physicians and other specialties to the Dermatology OPD for dermatological problems were asked to enroll in the study. An informed consent was taken from every patient and the study was approved by the Ethics Committee of the hospital. Demographic and clinical data such as age, sex, occupation, personal and family history of diabetes, hypertension, and obesity was recorded. A thorough general physical, systemic and cutaneous examination was performed on each patient by an experienced dermatologist. Blood investigations such as complete blood count, fasting and postprandial blood sugar levels, liver, kidney and thyroid function tests, and serum lipid profile were done for each patient. Serum FH, LSH and prolactin levels and pelvic ultrasound were performed for 69 (15%) female patients with hirsutism, alone or in the presence of acanthosis nigricans and/or acne.
The height of each participant was measured to the last 0.1 cm by having him/her stand erect with his/her back against a wall and marking the point of the top of his/her head without wearing shoes. Weight was recorded to the last 100 g with a mechanical balance device. Participants were asked to remove their shoes and outer garments if they wore extra layers. BMI calculated as weight in kilograms divided by height in meters squared (kg/m 2 ) was used as the index of adiposity. Patients were categorized into three grades: grade 1, overweight (BMI 1 25-30); grade 2, obese (BMI 1 30-40), and grade 3, morbidly/severely obese (BMI 1 40).
Data collected was analyzed using the Statistical Products of Service Solutions (SPSS) version 10. The 2 -test was performed.
Results
A total of 437 (200 men and 237 women) overweight or obese patients who consented to participate were included in this cross-sectional study. All participants were aged 18-74 years living in the Farwaniya governorate in the central region of Kuwait.
The mean BMI and prevalence of obesity by age and gender are given in table 1 . Of the 437 patients, 191 (43.7%, male: 95 and female: 96) were overweight (grade 1); 226 (51.7%, male: 97; female: 129) were obese (group 2), and 20 (4.65%, male: 8 and female: 12) were severely obese (grade 3). The highest incidence (31.8%) was among the age group 30-39 years followed by 40-49 years.
The spectrum and prevalence of skin conditions discovered among these obese patients is given in table 2 . Skin diseases were as follows: plantar hyperkeratosis: 197 patients; acanthosis nigricans: 144; skin tags: 131; striae cutis distensae: 102; intertrigo: 97, and acne vulgaris: 94. Many patients had more than two conditions. The most frequent combination observed was acanthosis nigricans with acne, acanthosis nigricans with acne and hirsutism, plantar hyperkeratosis with intertrigo.
The number of obese patients with comorbidities associated with their dermatological problems is shown in figure 1 . Eighty-seven patients were diabetic (38 already diagnosed; 49 cases of diabetes mellitus detected during the study). Of the 87 diabetic patients, 39 had both skin tags and acanthosis nigricans, 15 skin tags alone; 33 had intertrigo, 12 had acanthosis nigricans and acne. Polycystic ovary syndrome/hyperandrogenism was diagnosed in 74 female patients: 35 with hirsutism, 22 with acanthosis nigricans and hirsutism, 12 with acanthosis nigricans, hirsutism and severe acne. Two hundred and nine patients were found to have hyperlipidemia.
Discussion
The common findings of plantar hyperkeratosis, acanthosis nigricans, skin tags, striae cutis distensae, intertrigo, acne vulgaris and hirsutism associated with obesity of this study are similar to those reported by Garcia et al. [4] . Plantar hyperkeratosis, the most common skin condition found in our study, has been described as a cutaneous stigma of severe obesity [4] . The prevalence of plantar hyperkeratosis of this study is comparable to the 47% reported by Sharquie et al. [5] . Development of plantar hyperkeratosis may be regarded as a physiologic response to mechanical trauma, as obese patients have increased forefoot width and higher plantar pressures during walking and standing [13] . Acanthosis nigricans is a consistently reported finding in studies of obese persons [6, 14] and it is the most common dermatological condition associated with obesity reported in the literature. However, the prevalence of acanthosis nigricans in this study is lower than the 74% [6] and 76% [14] reported for the USA and Brazil, respectively, but higher than the 0.6% [15] for Egypt. In addition, Hud et al. [6] reported that obese patients exhibited acanthosis nigricans with elevated plasma insulin levels. Acanthosis nigricans is now considered a reliable cutaneous marker of hyperinsulinemia in obese individuals [6] . In obese patients, acanthosis nigricans may be the result of the inappropriate, simultaneous activation of distinct tyrosine kinase growth factor receptors due to excessive levels of circulating insulin [16] . Hyperinsulinemia increases the production of ovarian androgens, which may lead to associated hirsutism and acne vulgaris. The clinical triad of polycystic ovaries, hirsutism, and acanthosis nigricans is commonly observed in obese females [17] .
It was shown that leptin could play a paracrine role in the cell proliferation, differentiation, growth, and apoptosis of epithelial cells [18] . Yazici et al. [19] speculated that acanthosis nigricans in their patient was related to the high level of leptin.
Full regression of acanthosis nigricans may occur with weight loss as reported by Katz et al. [20] , who noticed rapid improvement in the acanthosis nigricans once the patient started to lose weight. Hence, they concluded that the most effective treatment of acanthosis nigricans is weight loss and exercise if the lesions are caused by hyperinsulinemia.
Skin tags (acrochorda) were present in 30.0% of patients, which is less than the 74% reported by Hud et al. [6] that was positively correlated with the severity of obesity as was also reported by Garcia et al. [4] . A subset of patients was found to have mean fasting insulin levels twice that of the patients without skin lesions [6] . Multiple skin tags are frequently associated with non-insulindependent diabetes mellitus and obesity [21] . However, Rasi et al. [22] in a case-control study suggested that skin tags could be a more valuable marker of carbohydrate intolerance and diabetes mellitus than obesity.
The prevalence of 21.5% for acne in this study was much higher than 6.8% that was reported in obese adults in Egypt [15] . Acne is clearly exacerbated by obesity-associated disorders, such as hyperandrogenism and hirsutism. Androgens, insulin, growth hormone, and insulinlike growth factors are frequently elevated in obese patients and have been demonstrated to activate sebaceous glands and influence acne severity. Adipose tissue synthesizes testosterone, and the hyperinsulinemia commonly seen with obesity increases the production of ovarian androgens. Testosterone primarily binds to albumin and sex hormone-binding globulin. Because insulin inhibits the synthesis of sex hormone-binding globulins, the free testosterone in a woman's serum is increased. This increase in testosterone may lead to male-patterned baldness, hirsutism and acne in obese women.
Striae cutis distensae (stretch marks) correlate closely with obesity. The prevalence of 23.3% confirmed those reported by Garcia et al. [4] and Sharquie et al. [5] , but was much higher than the 0.8% reported in adult Egyptians [15] .
Intertrigo was prevalent in 22.2% of the patients of this study and this was lower than the 52% reported among obese people in neighboring Iraq [5] . There is a linear trend between the severity of obesity and intertrigo [4] . In a study evaluating intertrigo in diabetic patients, skin surface pH was found to be higher in the inguinal folds of women with a BMI greater than 25 compared with women with a BMI less than 25 [23] .
Hirsutism was diagnosed in 15.8% of obese female patients. Ruutiainen et al. [24] found that facial hirsutism is significantly correlated with BMI independently of age and testosterone level. Hirsutism is considered the primary clinical indicator of androgen excess. After oligomenorrhea, hirsutism is the second most common manifestation of polycystic ovary syndrome. Seventy-four of the obese patients were diagnosed as having polycystic ovary syndrome, 69 of them were hirsute, 43 also had acne, and 26 had acanthosis nigricans.
Twenty-eight (6.4%) patients had psoriasis in this study; 12 of them were overweight (grade 1 obesity) and 16 were obese (grade 2 obesity). No patient with grade 3 obesity was diagnosed as having psoriasis. There were 20/28 psoriatic obese patients who were females. There was no relation between the degree of obesity and the severity of psoriasis; however, obesity has been linked to psoriasis as a comorbid state with significant impact on psoriasis management [25, 26] . In a 10-year study, Sakai et al. [25] showed that elevated BMI ( 1 25) was significantly associated with long-term prognosis of psoriasis while Naldi et al. [26] reported that clinical obesity (BMIT cells and monocytes, driving both Th1 and Th17 immune responses and at the same time impairing the function of regulatory T cells. Diet also appears to have a significant influence on psoriasis. However, more prospective studies are needed to determine whether weight control reduces psoriasis morbidity.
Limitations of the Study
The number of subjects consenting to participate in the study was very low at about one third, amongst the 1,250 patients seen during the same period.
Conclusion
The current study has shown that certain skin conditions are more prevalent among obese persons. In particular, there is a high incidence of plantar hyperkeratosis, acanthosis nigricans, skin tags, striae cutis distensae, and intertrigo. Similarly, skin tags can point toward noninsulin-dependent diabetes mellitus. Although dermatologists may be the first to be consulted by patients having these common dermatoses and may play an important role in the management and early detection of underlying systemic conditions, if present, all physicians should be aware of this. Dermatologists must work with primary care physicians and nutritional specialists to reduce the detrimental effects of obesity on the skin. More clinicoepidemiological studies are needed to establish the association of obesity with some of these conditions.
